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ABSTRACT

It is unknown whether use of e-cigarettes increases susceptibility to COVID-19. In a large
clinical sample of young adults, we evaluated whether current or ever e-cigarette use was
associated with polymerase chain reaction (PCR)-confirmed COVID-19. To address the
confounding of combustible smoking, the sample was restricted to never smokers. This
retrospective cohort study analyzed data from the electronic health records of 74,853 young
adults (aged 18-35 years), without a history of cigarette smoking, vw.» were screened for e-
cigarette use (current, former, never) in the Kaiser Permanents Mo tlern California (KPNC)
healthcare system from 3/5/2020 (baseline) to 11/30/2020 ,re-vaccine). COVID-19 risk was
estimated in time-to-event analyses using multivariable C.« proportional hazard regression
models, adjusted for socio-demographics and mea.~al _omorbidities. E-cigarette status in the
cohort was: 1.6% current, 1.2% former, ar. t 97.2% never. During follow-up, 1965 (2.6%)
patients acquired COVID-19. We did no. find evidence that current (vs never) e-cigarette use
was associated with risk of COVID 19 ‘24R=1.12 95%CI:0.77-1.62). However, we did find
suggestive evidence that former versus never) e-cigarette use may be associated with greater
risk of COVID-19 (aHR=1.2y ?5%CI:0.98-1.96). While e-cigarette use is associated with health
risks for young adults, re.lts from this study suggest that current use of e-cigarettes may not

increase susceptibility for COVID-19 among young adults who have never smoked cigarettes.



INTRODUCTION

Electronic cigarette (e-cigarette) use is associated with respiratory conditions(Xie et al.,
2020) and may increase susceptibility to COVID-19 through compromised lung function
(Volkow, 2020). Additionally, e-cigarette use could increase COVID-19 risk due to greater
contact between the fingers and mouth, removal of one’s mask while vaping, or sharing of vape
devices with others. Conversely, nicotine could lower risk of COVID-19 through its anti-
inflammatory properties or via interactions between COVID-19 anu ricotinic acetylcholine
receptors (Boutou et al., 2020; Garufi et al., 2020; Lutchman, 27C; ‘rindle et al., 2020; Usman et
al., 2021). To date, four studies have found no association . ~tween e-cigarette use and COVID-
19 risk among adults (Burnett-Hartman et al., 2022; Jose .* al., 2021; Kale et al., 2021; Tattan-
Birch et al., 2021), while a fifth reported greater *i.'. a<sociated with ever (but not current) e-
cigarette use among adolescents.(Gaiha et :l., 2.020) Two studies have found no association
between e-cigarette use and COVID-19 s~verity (Burnett-Hartman et al., 2022; Gao et al., 2022).
Notably, people who vape also may’ sm Ve cigarettes, currently or formerly, and may have
smoking-related comorbidities (. rakash et al., 2021), making it challenging to identify the
independent risk of e-cigar-ttel

To inform the lite-ature, we examined the risk of polymerase chain reaction (PCR)-
confirmed COVID-19 diagnosis associated with e-cigarette use in a population-based
retrospective cohort study. Patient data were from a large healthcare system, and analyses were
restricted to young adults (aged 18-35) without a history of cigarette smoking, who had e-
cigarette status documented. Understanding whether e-cigarette use is independently associated
with COVID-19 susceptibility among young adults is important for guiding public health

messaging and prevention guidelines.



METHODS
Setting and Population

Data were drawn from Kaiser Permanente Northern California (KPNC), a nonprofit,
integrated healthcare delivery system providing comprehensive health services to >4 million
racially and socio-demographically diverse members representative of Northern California
(Gordon, 2006; Han et al., 2018). We performed a retrospective cohort study of KPNC patients
from 3/5/2020 (the day after California declared a state emergency; (=by, 2022) to 11/30/2020
(when COVID-19 vaccines were introduced). Eligible patients **e. 2 those without a history of
cigarette smoking (based on routine screening for current, rormer, and never-smoking status by
medical assistants during primary care visits while taking -l signs), aged 18-35 years (due to
their higher prevalence of e-cigarette use and lowe - rik 2lihood of cigarette smoking related
comorbidities) (Cornelius et al., 2020; Her ey :t al., 2016), with continuous KPNC health plan
enrollment in the prior year, >1 in-persoi. nutpatient or inpatient non-emergency visit (providing
the opportunity to get screened for ©mc “i'1g and e-cigarette status) from 05/18/2019 (when e-
cigarette documentation in KPN ™ beyan) to 3/5/2020. The KPNC IRB approved the project with
a waiver of informed consent.
Measures

The primary outcome was COVID-19 infection determined by a positive PCR test
(Supplement). The test positivity rate was defined as number of positive PCR-tests/number of
PCR-tests performed.

E-cigarette use was assessed by medical assistants during a primary care visit while
taking the patient’s vital signs using the question: “Do you currently use e-cigarettes or vape,

even sometimes?” Patients who did not endorse current e-cigarette use were asked an additional



question about whether they had ever used e-cigarettes or vaped. Responses were charted in
patients’ electronic health record (EHR) as: never, former, or current. We obtained the most
recent charted status during the 10 months before study start.

Covariates included age, sex, race/ethnicity, any enrollment in a Medicaid insurance plan
in the prior year, medical service area, neighborhood deprivation index (NDI)(Messer et al.,
2006), body mass index (BMI), and medical comorbidities associated with COVID-19 severity
among young adults (Sandoval et al., 2021) (Supplement) documeind during the two years
before study start.

Analysis

We summarized patient characteristics and calcii.'=d unadjusted COVID-19 incidence
rates (per 1,000 person-years) and 95% confider<t “nte.rvals (CIs) by e-cigarette status.
Unadjusted and multivariable Cox proport ane. hazards regression analyses examined the
association between e-cigarette status an.' risk of COVID-19. We used time-to-event modeling
rather than logistic regression mode'ing t7 allow for censoring and to allow estimation of risk
over time while accounting for changes in risk during the first year of the pandemic. Patients
were followed until outcor~ ¢>~drrence, with censoring on death, health plan disenrollment, or
study end (11/30/2020). . 1odels were fit in steps. Model 1 (minimally-adjusted model) included
age, sex, race/ethnicity, medical service area, Medicaid status and NDI quartiles. Model 2 (fully-
adjusted) added BMI, cardiovascular conditions and diabetes. Model 3 (extended) further
included respiratory conditions that could be mediators rather than confounders, and results
represent effects not dependent on potential casual pathways. Analyses were conducted using

SAS software, v9.4. Statistical significance was assessed at two-sided p<0.05.

RESULTS



Of the N=470,250 KPNC patients meeting inclusion criteria, we excluded individuals not
screened for e-cigarette status (n=395,114;84%), and those missing sex (n=2;0.0%), NDI
(n=112;0.0%), and service area (n=169;0.0%) for a final sample of 74,853. Those screened vs.
not screened did not differ on socio-demographics, except women (21%) were more likely to be
screened than men (7%; p<.0001). E-cigarette use status was: 1.6% current, 1.2% former, and
97.2% never (Table 1). Compared to never e-cigarette use, current and former use were
associated with being male, non-Hispanic White, and not obese. Thiu~e with current (versus
never and former) use tended to live in less deprived neighbor-:~o 2. Membership was stable,
with only 6478 (8.7%) patients censored for disenrollment.

The percentage of patients tested for COVID-19 u.fiered minimally by e-cigarette status
(current:30.0%; former:35.1%, never:29.4%). Hnv.":ve., the test positivity rate was higher for
former (8.1%) versus current (5.8%) and r. =ver (6.6%) use.

Current (versus never) e-cigarette '1se was associated with a lower incidence of COVID-
19 (33.43/1000 person-years; Table ?). T'iere were no differences in infection comparing current
to never e-cigarette use in unad).stea (hazard ratio [HR]=0.90;95%CI:0.63-1.30), fully-adjusted
(@HR=1.12;95%CI:0.77-1 2?) ~~ extended models (aHR=1.11;95%CI:0.77-1.61).

Former (versus n. ‘er) e-cigarette use was associated with a higher COVID-19 incidence
(51.07/1000 person-years). Results were suggestive of modestly higher COVID-19 rates
associated with former versus never e-cigarette use in unadjusted (HR=1.38;95%CI:0.98-1.96;
Table 2), fully-adjusted (aHR=1.39;95%CI:0.99-1.96) and extended models
(aHR=1.39;95%Cl:0.98-1.97).

DISCUSSION



Among young adults without a history of cigarette smoking, current versus never e-
cigarette use was not significantly associated with elevated COVID-19 risk. The percentage of
patients tested for COVID-19 was similar across e-cigarette status, suggesting that findings are
unlikely to be due to testing differences. Results are consistent with studies finding no
association between current e-cigarette use and COVID-19 among adults,(Jose et al., 2021; Kale
et al., 2021; Tattan-Birch et al., 2021) or among adolescents who did not smoke cigarettes.(Gaiha
et al., 2020) Characteristics of e-cigarette use (e.g., duration, heavincss, frequency, product type)
may differ among those who have never used combustible cipzr=w.22, and studies are needed to
examine how patterns of use relate to COVID-19.

Results suggesting possible greater risk of COVIL 19 associated with former (versus
never) e-cigarette use are somewhat similar to fin¢.* 1as of increased risk of self-reported
COVID-19 associated with ever e-cigarett - uss. among adolescents without a history of cigarette
use.(Gaiha et al., 2020) While there is nc ~lear mechanism for this finding, young adults with a
history of versus current e-cigarette *1se ™ay differ on other unmeasured factors that may impact
COVID-19risk (e.g., years of e- ~igaiette use, children in the home, protective behaviors such as
hand washing or social dist~nuiy). Our sample of patients with a history of (versus current or
never) e-cigarette use wa. small (n=892), and meta-analyses with greater statistical power are
needed to further examine this question.

Study strengths include data from a large, closed healthcare system with PCR COVID-19
testing, evaluations of associations with COVID-19 independent of cigarette smoking, and
adjustment for sociodemographic and medical covariates. Our study design allows estimation of
risk over time while accounting for changes in risk during the first year of the pandemic.

Limitations



The study had several limitations. EHR-based screening for e-cigarette use was new and
not universal. The study’s prevalence of current e-cigarette use was slightly lower than in the US
population of young adult never-smokers (1.6% versus 2.0%)(Prakash et al., 2021), and results
may not generalize to other healthcare settings. In addition, e-cigarette use frequency, heaviness,
and duration were not captured. COVID-19 test results were limited to tests recorded by KPNC
(home tests were not yet available), and patients with minor or no symptoms may not have been
tested. Our data are limited to the first 9 months of the pandemic aiw. results may not generalize
to later periods as the predominant variants shifted. Finally, st.:™es ure needed to determine
whether other factors (e.g., essential worker status, asymptcmatic testing, social distancing) vary
with e-cigarette status.

Conclusions

While e-cigarette use is associated witl health risks for young adults, current use of e-

cigarettes was not associated with acqun.ng COVID-19 during the first year of the pandemic.

Future research is needed to replice*~ tl =<e findings.
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Table 1. Baseline Characteristics of KPNC Patients, Overall and by E-Cigarette Use Status.

E-Cigarette Status

Characteristics All Patients Never Current Former
(N=74,853) (N=72,728) (N=1233) (N=892)
(97.2%) (1.6%) (1.2%)
Age, years
Mean (SD) 27.6 (4.8) 27.7 (4.8) 24.0 (4.6) 24.9 (4.6)
Sex, n (%)
Female 62,347 (83.3) 61,070 (84.0) 674 (54.7) 603 (67.6)
Male 12,506 (16.7) 11,658 (16.0, 559 (45.3) 289 (32.4)
Race/ethnicity, n (%)
Non-Hispanic White 26,970 (36.0) 26,025 3u.?) 581 (47.1) 364 (40.8)
Hispanic 20,680 (27.6) 20,17 (.7.7) 261 (21.2) 262 (29.4)
Asian/Pacific Islander 17,181 (23.0) 16,59 (23.1) 250 (20.3) 162 (18.2)
Non-Hispanic Black 5672 (7.6) 5,67 (7.7) 50 (4.1) 55 (6.2)
Other/Unknown 4350 (5.8) 4210 (5.8) 91 (7.4) 49 (5.5)
Medicaid insurance, n (%) 7864 (10.5) 7076 (10.6) 92 (7.5) 96 (10.8)
NDI 2018 quartiles, n (%0)
Quartile 1 (least deprived) 18,752 (zc 1} 18,137 (24.9) 380 (30.8) 235 (26.3)
Quartile 2 18,6€” (24.9) 18,098 (24.9) 330 (26.8) 234 (26.2)
Quartile 3 18,700 (.5.0) 18,191 (25.0) 297 (24.1) 212 (23.8)
Quartile 4 (most deprived) 18,73% (.25.0) 18,302 (25.2) 226 (18.3) 211 (23.7)
BMI category, n (%)
Underweight (<18.5 kg/m?) 1589 (2.1) 1504 (2.1) 51 (4.1) 34 (3.8)
Normal (18.5-24.9 kg/m?) 28,915 (38.6) 27,972 (38.5) 575 (46.6) 368 (41.3)
Overweight (25.0-29.9 kg/m?) 21,802 (29.1) 21,245 (29.2) 311 (25.2) 246 (27.6)
Obese (>30.0 kg/m?) 21,510 (28.7) 21,050 (28.9) 233 (18.9) 227 (25.4)
Missing 1037 (1.4) 957 (1.3) 63 (5.1) 17 (1.9)
Any cardiovascular condition, n ( *%6)? 3275 (4.4) 3186 (4.4) 47 (3.8) 42 (4.7)
Diabetes, n (%) 1274 (1.7) 1249 (1.7) 12 (1.0) 13 (1.5)
Any respiratory condition, n (%0)° 15,155 (20.2) 14,664 (20.2) 274 (22.2) 217 (24.3)

& Any cardiovascular conditions include atherosclerotic cardiovascular disease, cardiac dysrhythmias, heart failure, and
hypertension.

b Any respiratory condition includes obstructive lung disease, lung cancer, and other lung diseases.
Abbreviations: BMI, body mass index; NDI, Neighborhood Deprivation Index; SD, standard deviation.

Note: Percentages may not round to 100 due to rounding.
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Table 2. Cox Proportional Hazard Regression Results for Risk of COVID-19 Among KPNC Patients aged
<35 who have never smoked cigarettes, by E-Cigarette Status (N = 74,853).

E-Cigarette Status Never Current Former

N (row %) 72,728 (97.2%) 1233 (1.6%) 892 (1.2%)
COVID-19

N events (row %) 1904 (96.9%) 29 (1.5%) 32 (1.6%)
Incidence Rate* (95% CI) 37.05 (37.00, 37.10)  33.43(33.05, 33.82) 51.07 (50.51, 51.63)
Unadjusted, HR (95% CI) 1.00 (ref) 0.90 (0.63, 1.30) 1.38 (0.98, 1.96)
Model 1, aHR (95% CI) 1.00 (ref) 1.09 (0.75, 1.58) 1.39 (0.98, 1.97)
Model 2, aHR (95% ClI) 1.00 (ref) 1.12 (0.77, 1.62) 1.39 (0.98, 1.96)
Model 3, aHR (95% CI) 1.00 (ref) 1.11 (0.77, 1.61) 1.39 (0.98, 1.97)

Notes: aHR = adjusted hazard ratio. BMI = body mass index. Cl = confidenc = interval. HR = hazard ratio. NDI =
neighborhood deprivation index. Missing BMI (n=1037, 1.4%) was included as > category in all analyses.

* Incidence rate per 1,000 person-years.

Model 1 (minimally-adjusted): age, sex, race, medical service area, Meu ~aid, NDI.

Model 2 (fully-adjusted): age, sex, race, medical service area, Mediza 1. M.DI, BMI, any cardiovascular disease,
diabetes.

Model 3 (extended model): age, sex, race, medical service area Me.'icaid, NDI, BMI, any cardiovascular
disease, diabetes, any respiratory condition.
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